Genetic divergence was studied in 41 genotypes of Corylus colurna on the basis of 15 morphological characters of nuts. The divergence among genotypes was estimated by the Mahalanobisí method and the studied genotypes were grouped into clusters by Tocherís method. The obtained data were analysed using the PCA and CA. As a result, 9 genotype clusters were distinguished and a wide diversity among genotypes originating from the same locality was found. It has been proposed that for obtaining the most desirable transgressive segregates in Corylus colurna, genotypes from the genetically most distant clusters should be crossed.
Introduction
Hazelnut is one of the worldís major nut crop, popularly known as Virin in Kashmir. World production of hazelnut is 778 thousand tons (Faostat data 2007) . Turkey is a leading producer and exporter of hazelnut, accounting for about 70% of the total production in the world. In USA, hazelnut is so popular that it has been declared as Oregon State Nut. Hazels are deciduous trees and shrubs scattered over the temperate region of northern hemisphere. Corlyus colurna (Turkish hazel) is native of south-eastern Europe and south-western Siberia and south to western Himalayas ñ from Kashmir to Kumaon. It is a very important and costly nut used in confectionary and chocolate. The tree is very useful in binding soil, which helps to prevent soil erosion, and provides also valuable timber. Leaves are used to feed the cattle and nuts are eaten by wild animals. Turkish hazel that grows in the Kashmir valley exhibits a wide genetic variability. Trees are large, multi-branched, multi-to single stemmed, leaves are leathery, big glabrous; the species spreads by suckers from the roots of a parent plant. However, no systematic orcharding is practiced in the Kashmir valley, though it is a very important nut for diversification of orchard ecosystems and a good crop for higher altitudes, where other fruit crops are not possible. Furthermore, there are available good genetic resources for enhancing the species cultivation and development of new, promising cultivars. Hence, the survey and documentation of hazelnut genotypes were carried out from 2006 to 2008, to identify a superior genotype in the Kashmir valley area for the further hybridisation purpose. Selection of genetically diverse genotype is important for the exploitation of heterosis and development of desirable recombinants, in addition, an assessment of the nature and magnitude of diversity between genotypes will help to choose proper parents for hybridisation.
Material and methods
The present investigation was carried out during [2006] [2007] [2008] Botu et al. (1999) . Fat content was estimated by the method following Sadasivam and Manickam (1992a) . The protein content of a kernel was estimated according to the Micro-Kjeldahl method and was multiplied by the conversion factor (N x 6.25) for the crude protein content (it included also the non-protein nitrogen) (Sadasivam & Manickam 1992b) .The genetic divergence among the genotypes was estimated by Mahalanobis D 2 statistics and all genotypes were grouped into clusters according to Tocherís method, as describe by Rao (1952) . Canonical analysis was carried out by calculating canonical roots according to Singh and Choudhary 1979; for the factor analysis (Principal Components Analysis) of various parameters, the SPSS software version 10.0 was used (Norusis 1994).
Results
On the basis of the relative magnitude of D 2 values, 41 genotypes were grouped, using Tocherís method, into 9 clusters. Cluster I was the largest one, with 31 genotypes, cluster III had 3 genotypes, while clusters II, IV, V,VI,VII,VIII and IX were mono-genotypic ( Fig.  1 and Table 1 ). However, the genotypes SKAU-H-0041 and SKAU-H-0040, located in cluster IV and cluster VII, have different distances. The highest intra-cluster distance was registered in cluster I (2.25), while the rest of clusters had intra-cluster distance equal to 0.00. The highest inter-cluster D 2 value was observed between clusters VII and IX (3.90), followed by cluster IX and cluster VI (3.76). This indicates a wide genetic distance between these groups (Table 2 ). Since these clusters showed the highest inter-cluster distances, selection of parents from such clusters for hybridisation programme would help to develop novel hybrids. In turn, cluster II and cluster VIII had the lowest inter-cluster distance (2.02), which indicates close relationship and similarity of most traits of the genotypes. Hence selection of parents from these clusters should to be avoided. The cluster mean values for the quantitative traits are presented in Table 3 . Cluster V has the highest mean values for such traits as nut roundness index (0.91), kernel width (12.61mm), kernel weight (0.55g), fat content (56.15%) and protein content (20.99%), while cluster IV shows the highest values for nut weight (1.75g), kernel length (14.27mm) and kernel thickness (8.21mm). The highest percentage of kernels (41.17%) was recorded in cluster III. Clusters IV and V are expected to give promising and desirable recombinations in segregating generations, because they comprise desirable features as evident from their cluster means. The principal component analysis data are presented in Table 4 . The first vector shows the highest eigen value (27.83) and accounts for 22.62% of the total variation. The first vector is the combination of kernel thickness, protein content, kernel weigh, nut length and the number of nuts per cluster. The second vector has an eigen value of 19.41 and explains 15.80% of the total variation. This factor is mainly the combination of shell thickness and kernel thickness. The third vector has an eigen value of 12.12 and the total variation of 9.84%; it is the combination of fat content and protein content. The fourth vector has an eigen value of 10.88 and the total variation of 8.84%, with the maximum contribution of nut weight. The fifth vector has an eigen value of 9.80 and the total variation of 7.95%; it is mainly the combination of kernel length and nut width. Vector sixth has an eigen value of 9.25 and the total variation of 7.51%, with the highest contribution of kernel width. Vector seven has an eigen value of 6.60, with the total variation of 5.37% and, the highest contribution of kernel weight and nut size. In this case, canonical root value accounts for 77.92% of the cumulative variance.
The genetic diversity among genotypes could be due to various factors, like heterogeneity, genetic architecture of populations and developmental traits, as described by (Murty & Arunanchalam 1966) . In the case of Corylus colurna, genotypes originating from the same locality were grouped in separate clusters, which indicates a wide diversity among genotypes originating from the same place. Rao et al. (2003) reported that geographical distribution and genetic diversity are correlated and concluded that eco-geographically different cultivars also differ genetically from each other. A clustering pattern similar to our pattern was reported in walnut by Pandey and Tripathi (2007) . Grouping of genotypes from the same locality in different clusters may result from different genes controlling the most important characters and different genetic constituents. Sardana et al. (1997) observed that cluster means reveal the inner diversity in the material under study. De et al. (1988) proposed that traits contributing maximum towards the D 2 values should be given priority in choosing a cluster for the further selection and choice of parents for hybridisation.
Final remarks
Based on the present findings of genetic divergence and its component analysis it can be concluded that inter-crossing between genotypes of genetically diverse clusters that show a superior mean outcome may be helpful for obtaining desirable segregates. In the case of Corylus colurna, the highest genetic diversity was registered between cluster VII and IX. Comparison of 
